This paper aims at assessing the contribution of ethnic minorities to the (total and sectoral) productivity of Italian provinces. We consider the first ten nationalities by numbers of legal immigrants at the provincial level (NUTS-3) 2003-2011. We estimate a spatial panel model to capture both direct and indirect effects of foreign communities on local productivity at the province level, accounting for spatial spillovers. Our findings show that three communities out of ten have a positive impact on aggregate labour productivity. Other foreign groups have significant indirect effects only: these groups do not affect productivity of provinces where they live, but mainly of the neighbouring provinces, likely because of commuting.
Introduction
In the last fifteen years, Italy has seen a significant increase in immigrant population, rising from just over one million (3.04% of total population) in 2001 to 4.9 million (8.1%) at the beginning of 2014. The foreign-born population resident in Italy has increased at a rate lower only than the rate of Spain (OECD, 2016) . Historically, migrants arriving in Italy have all tended to settle mainly in the North and Centre provinces. Their characteristics, as well as their distribution across productive sectors, have been quite heterogeneous. According to INEA (2009), 3.9% of foreign residents are employed in the agricultural sector, 40.9% in the industrial sector, and 55% in services. While a growing literature analyses the impact of total migrant inflows on the economic growth of the host country, almost none distinguishes ethnic minorities on the basis of their spatial distribution. Among the more recent contributions, Kangasniemi et al. (2012) and Nicodemo (2013) find a negative impact on productivity level for Spain, a country that, like Italy, experienced a productivity reduction in the last years. On the contrary, Rolfe et al. (2013) find a positive effect of migrants (not distinguished by ethnicity) on the whole productivity growth for the United Kingdom that seems able to attract skilled people from abroad. Other studies, such as Alesina et al. (2003) , Easterly and Levine (1997) , Montalvo and Reynal-Querol (2005) and Gören (2014) , focus on the effect of ethnic fragmentation on economic growth. Barro and McCleary (2003) , Noland (2005) and Sala-i-Martin et al. (2004) , finally, investigate the relationship between different religions and economic performance.
In this paper, we shift the analysis on foreign groups of different nationalities, which are clustered in space and tend to be specialised in certain occupations. The aim is to investigate whether and to what extent ethnic minorities contribute to Italian productivity in five key sectors: agriculture, industry, construction, high services (office and professional work), and low-services (wholesale, retail, hotels and catering, transport and distribution, housework).
We consider the first ten nationalities by numbers of legal immigrants, according to the latest 2011 census data, which account for 63.79% of the total foreign population resident in Italy. 1 They are observed at the provincial level (NUTS-3) from 2003 to 2011. We use a spatial panel model, which captures both the direct and indirect effects of each community on productivity, accounting for possible spatial spillovers. To the best of our knowledge, the specific contribution to local productivity of foreign groups and the effect of their spatial distribution
have not yet been empirically investigated. This paper is a first attempt to provide some meaningful results for the Italian case.
The rest of the paper is organised as follows. Section 2 presents an overview of recent trends in foreign migration across Italian provinces. Section 3 introduces the model. Section 4 shows the results. Section 5 concludes.
Ethnic minorities in Italy
Italy has experienced mass immigration since 2000. Table 1 reports the specialisation of 1 Foreigners from other countries are less than 100,000 per country. 2 Italy has seen significant inflows of immigrants from Albania since 1991, after the collapse of the Communist bloc, and one year earlier, in 1990, a first law was approved trying to regulate the entry flows, as well as to introduce an immigration amnesty for about 200,000 foreigners, mainly from North Africa, who were already in Italian territory. However, the number of foreign residents is less than one million until 1997 over a total population of 56 million inhabitants, less than 1.7%.
the first 10 nationalities, determined by the largest employment share of each community across sectors. Olbia-Tempio. As for these provinces there are missing data and bilateral migration flows are quite small, we reassigned each of these new provinces to the province in which it was originally incorporated: data for CarboniaIglesias and Medio Campidano were reassigned to Cagliari; data for Ogliastra to Nuoro; data for Olbia-Tempio to Sassari. 4 Admittedly, we do not observe the total amount of foreigners because of lack of official data on illegal migrants by province. According to Kovacheva and Vogel (2009) Table 2 : Correlation between GVA per employee and share of immigrants by nationality total immigrant population in Italy is among the highest in Europe, ranging from 9.5% to 15.7%. Some recent works (Coniglio et al., 2009 ) point out that illegal migrants, especially those with high skills, represent a skill waste for the economic system of the host country, since illegal migrants have to resort uniquely to the shadow economy. Other studies (Paniagua, 2009) argue that immigrants (including illegal immigrants) produce an indirect effect on productivity for the primary role they play in some services, such as the care of elderly and children of Italian families. This favours labour market participation of women. Unfortunately, we are not able to control for this indirect effect of illegal immigrants on productivity. In Section 4, we try to mitigate identification concerns, by considering a fixed effect model, which allows to control for the time-constant unobserved component of this effect at the province level. Moldova and India, with a Moran's I between 0.10 and 0.32. Moran's I is not statistically significant for people from China, which are quite dispersed across provinces. Foreign community clustering, found also by González and Ortega (2011) for Spain, is likely driven by 5 The spatial weights matrix W used to compute the index is a (row-standardized) binary contiguity matrix. The elements of W take the value of 1 if the pair of provinces shares a border, and 0 otherwise. In the case of some of the provinces in Sicily and Sardinia, we imputed a value of 1 for the provinces separated by a few kilometers of sea-water. Moran's I varies between -1 and 1. A positive (negative) coefficient hints at a positive (negative) spatial autocorrelation, i.e. similar (dissimilar) values cluster together in a map. 6 Moran correlations by ethnic group are reported in Table A1 in the Appendix.
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at least three factors: i) the presence of people of the same community already settled down in a given province, or in the neighbouring provinces (this is the so-called chain migration); ii) the economic conditions in terms of job opportunities in the province; iii) the endowments of infrastructures, local goods and services affecting the living conditions of newcomers. The existence of clusters implies that foreign communities in a province cannot be seen as independent from those in the other provinces. This evidence leads us to adopt an empirical strategy that takes into account the spatial dependence of community distribution across provinces.
The second interesting insight is that spatial autocorrelation increases until 2009, then slightly decreases. This could be a consequence of the Great Recession, which affected both the location decisions of people already living in Italy and the choice of foreigners to migrate to this country.
The third insight is the co-movement between the percentage of foreign people's variance and The rising inflows of migrants in Italy tend to concentrate in the North and Center, increasing the gap with the provinces in the South.
Since our analysis focuses on the relationship between productivity growth and ethnic minority concentration, we report a brief overview of productivity dynamics over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] . Figure 3 shows the so called σ-convergence, i.e. the dispersion of the (log) of GVA per employee and Moran's I of the same variable over time. Also in this case there is a strong evidence of spatial dependence in the labour productivity, 7 which will be explicitly taken into account in the empirical strategy in Section 3.
Note that Moran's I is quite volatile between 2003 and 2007, then it tends to decline together with the variance of the (log) GVA per employee. These patterns imply that, at least since 2008, productivity levels tend to be slightly less clustered and less dispersed. Unfortunately, the greater degree of homogeneity between provinces is due to a decline of productivity particularly in the Northwest provinces, mainly due to a problem of misallocation of resources (Calligaris et al., 2016) . The result is a more equal but less productive country. 
Theoretical framework and empirical methodology
Our model assumes that ethnic minorities may affect productivity because of their productive specificities. This assumption reflects the perspective of a recent strand of literature that highlights how migrants' specificities might play a role in the host economy. Immigrant workers have cultural traits (i.e., language, habits, religious beliefs, of the community they belong to), in addition to individual-specific abilities. As a consequence, natives and foreignborn workers, even with the same educational levels, may specialize in different tasks, leading the economic system to a more efficient allocation of skills to tasks (Peri, 2012; Etzo et al., 2016) .
The model can be considered to be somewhat in the spirit of the human capital model of de la Fuente and Doménech (2006) , later extended by Ramos et al. (2010) . It considers a CobbDouglas production function, expressed as follows:
where is the output, the capital, the skills of foreign workers, the labour force and A is a technology index. Subscripts i and t denote, respectively, the geographical unit (province) and the time-period.
Taking the logs and dividing all the variables by the effective quantity of labour, , , we obtain:
where ℎ , represents ethnic community skills per unit of effective labour. As mentioned in Section 2, we have some insights on ethnic community skills from the prevalent occupation, as reported in Table 1 . This leads us to use the percentage of people of nationality over the total population as a proxy for ethnic community skills per unit of effective labour. Accordingly, equation (2) becomes:
The coefficient measures the effect of a marginal increase in the proportion of people of nationality e on the output per effective worker. The expected sign of this coefficient cannot be determined a priori. A positive effect may be explained by: (i) a more efficient allocation of skills to tasks; (ii) the birth or relocation of firms; 8 (iii) the complementarity relationship between minority group e and native-born workers in a given province. Instead, a negative effect may be due to the fact that immigrant workers have been substitutes for native-born workers and have produced lower quantity of output per worker and, in some cases, they have worsened the product quality. 9 In Section 4, we will interpret our empirical results in light of these considerations.
Equation (3) is modified to carry out the empirical analysis on a panel of the 103 Italian provinces in the 2003-2011 period. We start from the following specification:
where is a spatial fixed effect (which embodies the initial local productivity level, ,0 , and accounts also for conditional convergence effects); 10 is a time-period fixed effect;
, −2 8 Etzo et al. (2016) investigate the impact of immigration at the Italian provincial level between 2004 and 2010 and show that an increase in the relative size of the foreign workforce has a positive impact on the local economy in terms of the number of establishments and total employees. 9 Llull (2008) estimates that, in OECD countries, on average an immigrant is equivalent two thirds of the efficiency units of a native. Kangasniemi et al. (2012) show that the negative impact of immigrants on productivity in Spain has been the result of the combined quantity and quality effect. 10 Given the limited time span of our analysis, this can be considered also a first-order Taylor expansion around the steady-state of a growth equation. We preferred this simple approach over the estimation of a full-fledged growth regression in a panel context as this greatly simplifies the analysis in the spatial extension of the model. In is a measure of specialization, given by the employment share of each province largest sector at − 2 (the share of each sector in local employment is divided by its share in national employment, as in Duranton and Puga, 2000) ; , −2 is the inverse of the HirschmanHerfindahl index, a measure of industrial diversity; finally, is the error term.
Selection concern may arise since per capita GDP (correlated with productivity levels) could guide the selection of minority groups into provinces. However, the lack of systematic differences in ethnic minority shares across provinces by sector, shown in Section 2 (see Table   2 ) decreases the concern that per capita GDP guides the selection of ethnic minority groups.
The assumption underlying specification (4) is that (sectoral) GVA per employee in a province is independent of (sectoral) GVA per employee in other provinces. However, as pointed out by Fingleton and López-Bazo (2006) , (sectoral) GVA per employee in a certain region is likely to be influenced by the economic performance in the neighbouring regions, because they are interdependent and cannot be treated as "isolated islands" (Mankiw, 1995; Quah, 1996) . If such spatial dependence is not taken into account, results are likely to be inconsistent and may lead to misleading conclusions. Given the spatial dependence in economic performance across provinces shown in Figure 3 , we adopt an estimation strategy able to account for externalities across provinces' economic systems.
Equation (4) is augmented with spatially lagged dependent and spatially lagged independent variables, as follows:
+ fact, in order to consistently estimate dynamic spatial models with spatial and time-period fixed effects, at present one has to rely either on: i) the QML estimator put forward by Yu, de Jong and Lee (2008) , extended by Lee and Yu (2010) to include time-period fixed effects; or ii) GMM estimators, i.e., the Arellano and Bond (1991) DIFF-GMM and Blundell and Bond (1998) SYS-GMM estimator (see Elhorst, 2014, Ch.4) . As for the former, Elhorst (2010b) shows that, when T is small, as it happens in our case, this estimator is severely biased. As for the Arellano and Bond DIFF-GMM and Blundell and Bond SYS-GMM estimator, as recently discussed by Lee and Yu (2014) , these estimators can be severely biased (they suggest to use quadratic moments conditions to reduce the bias).
where is a (row-standardized) spatial weights matrix.
Equation (5) is a Spatial Durbin Panel Model (SDPM) with spatial and time-period fixed effects (see, for instance, Elhorst, 2014) . The spatially lagged variables in the model allow us to control for spatially correlated time-variant unobserved factors, so reducing endogeneity issues (LeSage and Fischer, 2008; Rio, 2016) .
In order to exclude reverse causation, we carried out a Dumitrescu and Hurlin (2012) One of the advantages of the Spatial Durbin Model (SDM) is the possibility to express the impact on the dependent variable (GVA per employee) from a change in one of the independent variables as a combination of local and total effects mediated by neighbors' influence, at the same time relaxing the main limitation of the spatial lag model that the ratio between the socalled direct and indirect effects is kept constant across the explanatory variables (see Elhorst, 2010a Elhorst, , 2014 .
Following Le Sage and Page (2009), the direct effects of a certain variable must be intended as the effects of a marginal increase of this variable in a certain spatial unit (e.g., the marginal increase of the share of foreigners in province i) on the dependent variable of the unit itself (e.g., the GVA per employee in the same province i). In spatial lag and spatial Durbin models, this is actually the result of local effects plus feedback effects mediated by spatial spillovers.
On the contrary, the indirect effects are the effects that the change of a variable in a certain unit (increase in the share of foreigners in province i) produces on the dependent variable of the other units (e.g., GVA per employee in provinces j different from i).
In particular, taking the matrix of partial derivatives of the expected value of yt with respect to the explanatory variable ℎ −1 in all the provinces (from 1 to 103) , we have:
LeSage and Pace (2009a Pace ( , 2009b define the average direct effect as the average of the diagonal elements of (6), and the average indirect effect as the average of the off-diagonal elements. The sum of the average direct and indirect effects gives the average total effect.
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In the spatial Durbin model (as it happens in the spatial lag model) the key parameter through which global spillovers arise is the spatial autoregressive coefficient ρ. It enters in the spatial multiplier ( − ) −1 that traces the effect of the linkages between the productivity levels of neighbouring provinces.
The choice of the spatial model to use for the empirical analysis may be based on two different approaches: a specific-to-general approach and a general-to-specific approach (for a general discussion see, for instance, Elhorst, 2014, Ch. 2 and 3). In the former, the selection between a model without spatial interaction effects, a spatial lag model and a spatial error model is done through (robust) Lagrange Multiplier (LM) tests performed on the residuals of the first (more 11 The stability conditions of the SDPM are the same as the ones identified for the Spatial Durbin Model (SDM).
In particular, as far as the spatial weights matrix W is concerned, its row and column sums before rownormalization should not diverge to infinity at a rate equal to or faster than the rate of the sample size N (see Kelejian and Prucha, 1998; 1999; Elhorst, 2014, p. 11) . For first-order contiguity matrices, this condition is always satisfied. A sufficient condition for the stationarity of the SDPM in case of symmetric W is that the spatial autoregressive coefficient (ρ) lies in the interior (1/wmin, 1), where wmin is the smallest eigenvalue of the rowstandardized version of W (Le Sage and Pace, 2009, pp. 88-89; Elhorst, 2014, p. 11 
Results
In line with the specific-to-general approach, 12 The extensions of these tests to spatial panel models have been specified by Anselin et al. (2006) and Elhorst (2010b) . 13 The panel data model with both spatial and time-period fixed effects has been chosen because in all the cases: (i) the HAC-robust F tests reject at the 1% level the null of joint non-significance of spatial or time-period fixed effects; (ii) the Hausman tests reject the null of the consistency of the random-effect model with time-period dummies.
The (robust) LM spatial lag and LM spatial error tests reject the null at the 1% for the main specification (labour productivity for the whole economy in the LHS). As for the other cases, results are more mixed: the null is mostly rejected at the 10% level in all the specifications, except for industry and agriculture (for which the null is rejected only by the non-robust versions of LM tests). However, also for these two sectors, we decided to consider a SDPM on the basis of the tests performed in accordance with the general-to-specific approach and carried out on a SDPM model with spatial and time period effects (Table 4 14 The coefficients attached to the spatial lags of the shares of immigrants likely capture the effect of worker commuting (immigrant workers living in a province and working in a neighboring province). Table 4 reports also the Hausman tests. These tests always strongly reject the null of the random effect (RE) model being consistent for all the specifications but for industry. For this sector, we therefore estimate a RE SDPM with time-period fixed effects.
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The spatial autoregressive coefficient ρ is statistically significant and ranges between −0.148 (high-level services) and 0.426 (construction), and it is equal to .209 in the specification for the aggregate productivity. Therefore, it satisfies the stationarity condition and confirms the presence of spatial productivity spillovers across provinces. 15 Since the (robust) LM spatial lag tests had not rejected the null of no spatial lag at the 5% level and the spatial autoregressive coefficient in the FE SPDM was not statistically significant at the 5%, we also estimated a Spatial Lag of X (SLX) panel model. Estimates of the direct, indirect and total effects turned out to be rather similar to the ones derived from the RE SDPM in terms of signs, significance and magnitude. Results are available upon request. Table 5 shows the estimates of the direct, indirect and total effects (with associated t-values) based on the coefficient estimates of the SDPMs. 16 As discussed in Section 3, the direct effect estimates of a covariate measure how the GVA per employee in a province responds on average at a marginal increase of the covariate in the same province. In a spatial Durbin model, this effect is the result of both immediate effects and spatial spillovers. The indirect effects instead measure the average impact of a marginal increase of a covariate in a province in the productivity level of the other provinces. The total effect estimates are the sum of direct and indirect effects and measure the overall average marginal impact on the expected value of labour productivity at the province level. These effects with the associated t-statistics for the six cases we consider are reported in Table 5 .
As far as aggregate labour productivity is concerned, the direct effects are positive and statistically significant only for immigrant workers from Philippines (.085) and Poland (.136), 17 while all the other nationalities exert a negative or statistically insignificant direct effect.
The total effects are positive and statistically significant for immigrants from Philippines (.511), Poland (.245) and Morocco (.105). The positive impact of the Filipino community arise from its statistically significant and positive effect in agriculture and high-level services. This last result may not be due to the direct employment of Filipinos in this sector, since they are typically specialised in low-services, as to the fact that they allow to high-skilled workers to concentrate on their work making them free from housework and childcare chores (the 16 We checked the robustness of the results using different specifications of the weight matrix: (i) a 5-nearest neighbor matrix; (ii) inverse distance matrix (linear and quadratic versions) with a distance cut-off corresponding to the first quintile. The results turn out to be robust to the alternative specifications of W. 17 An effect of 0.085 (0.136) means that the labour productivity is expected to increase about 8.5% by increasing the local share of immigrants from Philippines (Poland) over total population in the province by one percentage point (p.p.). Note that, although the estimated impacts looks high, since the shares are low, an increase of one p.p. is an extremely large variation in percentage terms of the total immigrants. E.g., for Filipinos (Poles), the mean share across Italian provinces in 2011 is about 0.12% (0.18%), an increase of one p.p. in the share, from 0.12% (0.18%) to 1.12% (1.18%), corresponds to a percentage increase in the total immigrants from Philippines (Poland) amounting to about 843% (562%). estimated direct impact of Filipinos in low-level services is in fact extremely high: 1.186).
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The positive total effect of immigrants from Poland and Morocco on aggregate productivity seems to be driven mainly by their positive impact in agriculture and industry, which offset their negative or insignificant impact in the other sectors.
All the other nationalities do not have a statistically significant effect or have a negative total effect. In particular, people from Romania, China, Moldova and Tunisia seem to exert a negative impact on productivity in the whole economy. Romanians have a negative effect on four out of five sectors (agriculture, industry, high-level and low-level services), while their impact is not statistically significant in the construction sector. Chinese group has a statistically significant negative effect on both high-level and low-level services that offset the total positive impact in agriculture. The negative effect of Moldavians in the whole economy is due to the negative contribution in agriculture and construction, while they do not play any statistically significant effect in the other sectors. Finally, Tunisians have a negative effect in agriculture, industry and construction while they do not seem to produce any effect in high-and low-level services. . Direct, indirect and total effects and related t-statistics computed using 1,000 draws from the estimated variance-covariance matrix of parameters (the spatial multiplier (I-ρW) is calculated every draw). Table 5 : Direct, indirect and total effects estimates based on the coefficient estimates of spatial Durbin panel models
The remaining groups -from Albania, Ukraine, and India -have either a positive or a negative statistically significant effect only in some specific sectors. Albanians exert a total positive effect in industry, construction and low-level services; Ukrainians and Indians positively contributes in the construction sector; finally, Indians have a total negative statistically significant effect in low-level services.
To sum up, our findings show that only three out of the ten foreign groups exert a positive overall effect on labour productivity in the whole economy; instead other four out of ten foreign groups have a negative impact in the aggregate, with mixed results for specific sectors. On average, the sector benefit more from foreign groups is industry; sectors suffering more for the negative contribution of foreign groups is agriculture.
These results are in line with Bettin et al. (2014) , who find that, in the Italian economic system, an increase in the adoption of foreign workers may change the manufacturing output mix in favour of low skill intensive sectors. This can be due to the fact that Italy mainly attracts unskilled immigrants, and the few high-skilled immigrants moving to this country are often employed in traditional sectors and fill low-skilled jobs, suffering from substantial overeducation (Bratti and Conti, 2014) .
The negative impact on productivity is also in line with the findings of González and Ortega (2011) , Kangasniemi et al. (2012) and Nicodemo (2013) for Spain, and in contrast with the positive effects on productivity growth of Rolfe et al. (2013) for United Kingdom. In particular, González and Ortega (2011) find for Spain that the response of industry to an increase in unskilled labour force is to use the more abundant type of labour more intensively. Thus, the raise of immigration contributes to change production technologies of industry toward a more labour intensive paradigm, because the availability of cheap labour due to legislative changes in favour of more flexibility labour market introduced by the Prodi Government in 1997-98 caused a decline of the equilibrium capital-labour ratio (Daveri and Parisi, 2010). 19 
Conclusions
In this paper, we apply a spatial econometric framework to assess the impact of immigrant The most interesting result is the diffused negative impact of foreign groups on productivity, both in the aggregate and at the sector level. Only three out of the ten most important nationalities of immigrant in Italy we consider (i.e., Albania, Romania, China, Philippines, Morocco, Moldova, Poland, Tunisia, Ukraine, and India) turn out to have a direct and total positive effect on productivity (Philippines, Morocco, and Poland). Moreover, we do not find common patterns across sectors and groups of immigrants.
A possible explanation of these findings is that of a spatial mismatch (Kain, 1968) between suitable job opportunities and immigrant skills. According to Gobillon et al. (2007) , possible causes of this mismatch are: (i) a high commuting costs-wage ratio, that may deter workers from accepting distant jobs; (ii) low efficiency in the job search process; (iii) labour market 19 We also performed a Chow test to detect the presence of a possible structural break in 2008. The Chow test rejects the null for some of the sectors at the 5% level, so we repeat the analysis dividing the sample into two subperiods: 2005-2007 and 2008-2011 . Although the point estimates of the coefficients and of the effects differ in some cases, the main results discussed in the text hold. The detailed results of the tests are available at request from the authors. discrimination.
A desirable extension of this work would be to estimate their empirical relevance in the Italian labour market. One could ask why foreign people decide to live in locations where the labour market is not able to exploit their skills. A first answer could be given by extending our analysis with a utility maximizing framework where immigrants are assumed as rational individuals who decide to live in those locations because destination-origin differences are such that the expected utility on the destination is still greater than the expected utility at the origin plus the cost of relocating. A second answer come from Haug (2008) , who points out that, "as social networks are extended and strengthened by each additional migrant, potential migrants are able to benefit from the social networks and ethnic communities already established in the country of destination" pushing in the background other factors.
Our results give room to various policy interventions. The clearest evidence from this study is that the formation of clusters is not in itself a channel to improve productivity. This is probably also linked to the quality of migration and to the under-utilization of skilled labour force. This implies that policies aiming at avoiding spatial concentration and fostering integration and social inclusion could generate positive effects on productivity. The process has to go together with a more receptive labour market in which wages are proportional to skill and professional levels. This would also solve the self-selection problem (Bratti and Conti, 2014) , making that immigrants coming to Italy fully utilise their skills. Up to now, immigrants have been seen mainly as an issue to deal with, but only at times as a missed development opportunity. There seems to be the need to tackle the problem of migration in a different way, a way that would benefit not only the immigrants, but the whole society. 
